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SECTION 1 —- MAMMALIAN METABOLISM 
ANSWER ALL QUESTIONS IN THIS SECTION 


QUESTION 1 (5 Marks total): Parts I to V (1 mark each) 
Multiple choice questions. Write the MOST correct answer (A-D) in your answer booklet. 


9) 


Il) 


Ill) 


IV) 


Which of the following is directly involved in a substrate level phosphorylation reaction? 


. NADPH+H* 

. FADH2 

. Creatine phosphate 
. Acetyl-CoA 


UaADP> 


are responsible for the retrograde transportation of cholesterol from 
the tissues of the body back to the liver. 


Chylomicrons 
Very-low-density lipoproteins 
Low density lipoproteins 
High density lipoproteins 


GAS 


The a-keto acid produced after the transamination of aspartate is 


A. oxaloacetate 
B. pyruvate 

C. a-ketoglutarate 
D. Fumarate 


In what form does fumarate traverse the mitochondrial membrane? 


citrate 

malate 
acetyl-CoA 
succinyl-CoA 


GOS 


V) 
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Which of the following is a reason why the term “fluid” is appropriate to describe the fluid 
mosaic model of a biological membrane? 


A. Many lipids and protein components are mostly stationary, but sometimes undergo 
constant lateral motion and individual lipid molecules often flip-flop from one side of 
the bilayer to the other. 

B. Individual lipid molecules often flip-flop from one side of the bilayer to the other 
wherever they are needed. 

C. Individual lipid molecules can diffuse laterally in the plane of the bilayer but proteins 
are too large to move. 

D. Many lipids and protein components are not stationary, but undergo constant lateral 
motion and individual lipid molecules can diffuse laterally in the plane of the bilayer. 


QUESTION 2 (5 marks): Parts VI to X (1 mark each) 


Answer true or false to parts (VI to X) by writing T or F in your_answer booklet. 


VI) 


VII) 


VIII) 


IX) 


X) 


True or False: B-oxidation of very long fatty acids occurs in the mitochondria and produces 
acetyl-CoA and the reducing equivalents NADH+H*, FADHp. 


True or False: The addition of an acetyl group to a growing fatty acyl chain involves two 
oxidation reactions of the fatty acyl chain by fatty acid synthase. 


True or False: The common name of the essential fatty acid all-cis-9,12-octadecadienoic 
acid (18:24!) is Linoleic acid. 


True or False: Phospholipids in plasma membranes are symmetrically distributed. 


True or False: The flip-flop translocation of membrane phospholipids catalyzed by 
flippases and floppases are examples of active transporters. 
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QUESTION 3 (15 marks) 


Liver gluconeogenesis is essential for the maintenance of blood glucose homeostasis in mammals. 


A. Draw and use metabolic maps to identify the gluconeogenic-specific bypass reactions. 
(3 marks) 


B. Annotate the biochemical map drawn in Question 3A to indicate the entry points at 
which the major non-carbohydrate fuels enter into gluconeogenesis. (4 marks) 


C. Tabulate the amount of ATP hepatocytes (liver cells) must spend to convert each of 
these non-carbohydrate fuel sources into a single molecule of glucose via 
gluconeogenesis. (8 marks) 


QUESTION 4 (15 marks) 


Fatty acid B-oxidation is not simply the reverse of fatty acid synthesis. Use BOTH biochemical maps 
and text to justify this statement. Include in your answer: 


A. An integrated biochemical map of B-oxidation and fatty acid synthesis. (5 marks) 


B. An explanation about the sources of co-factors and substrates required for fatty acid synthesis 
under fed conditions (include in your answer the subcellular locations of the pathways used to 
derive these co-factors and substrates and any shuttle systems involved). (5 marks) 


C. Annotate on your map and describe using text the allosteric regulation of fatty acid synthesis 
and B-oxidation. (5 marks) 


BCHM420 Trimester 2, 2016 
SECTION 2 — METABOLIC REGULATION 


ANSWER ONE (1) QUESTION FROM EITHER QUESTION 5 OR 6 IN THIS SECTION 


QUESTIONS 5 AND 6 ARE OF EQUAL VALUE 


QUESTION 5 (30 marks) 


Use biochemical maps and text to discuss the regulation of liver lipogenesis immediately after eating a 


meal rich in carbohydrates and proteins. 


A. 


Draw a metabolic map describing liver lipogenesis after eating a carbohydrate rich meal 
(include in your answer the cellular locations of the all pathways involved in liver lipogenesis). 
(10 marks) 


Identify the hormone that induces a lipogenic-state in the liver under fed conditions. 
(1 mark) 


Annotate your metabolic map with the hormonally activated regulatory enzymes that control 
the flow of glucose to fatty acyl-CoA in a lipogenic liver. (3 marks) 


. Describe how insulin regulates glucose metabolic pathways under fed-state conditions in the 


liver. (6 marks) 


Annotate your map with the allosteric modulators that regulate enzymes in the liver metabolic 
pathways during lipogenesis. (8 marks) 


. What would be the fate of excess dietary glucogenic amino acids in the lipogenic liver under 


fed conditions? (2 marks) 


QUESTION 6 (30 marks) 


A. 


Draw a muscle-centric integrated metabolic map that describes the metabolic systems that are 
used by muscles for ATP regeneration. (10 marks) 


Describe ALL the muscle-specific ATP regeneration pathways that are MOST active during 


the following activities: 
i. 10 metre sprint (5 marks) 
il. 42.2 km Marathon (5 marks) 


Using the P/O non-integral method, calculate the quantity of ATP produced when one (1) 
molecule of glucose is oxidized under aerobic conditions in the muscle. (5 marks) 


. Using a biochemical map and text describe the process by which lactate is recycled from the 


muscle to liver for gluconeogenesis during high intensity exercise (e.g. a soccer match). 
(5 marks) 
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SECTION 3 — PLANT METABOLISM 


PLACE ANSWERS FOR SECTION 3 IN A SEPARATE ANSWER BOOKLET 
ANSWER TWO (2) QUESTIONS FROM QUESTIONS 7-9 


ALL QUESTIONS ARE OF EQUAL VALUE 
QUESTION 7 (15 marks) 


A. Briefly describe the FUNCTION of each of the following four components found in a plant 


cell wall: 
e Cellulose 
e Hemicellulose 
e Pectin 
e Lignin (4 marks) 


e Draw the chemical structure of a short section of cellulose, showing two (2) monomers, 
their covalent linkage and any non-covalent bonding. (2 marks) 


B. For pectin or lignin: 
i. Define their chemical properties (monomer composition, bonding, size, 


branching, and polarity). (5 marks) 
ii. Explain how these chemical properties are important for the roles pectin and 
lignin play in the structure of the plant cell wall. (4 marks) 


QUESTION 8 (15 marks) 


Photosynthesis is an endergonic process requiring energy input from light. 


A. Draw an energy diagram (Z-scheme) for the Photosynthetic electron transport chain, showing how 


this energy is used. (5 marks) 
B. Explain in detail each energy transformation required to produce NADPH. (5 marks) 
C. Explain in detail each energy transformation required to produce ATP. (5 marks) 


QUESTION 9 (15 marks) 


A. Define photorespiration. Include in your answer the enzyme and reaction primarily responsible for 
photorespiration. (5 marks) 


B. Describe the strategy used by C4 plants to minimise photorespiration; you may use a diagram to 
assist your answer but must also include text explaining what is happening in each cell type. 
(5 marks) 


C. There is an ambitious research program underway to try to create C4 rice. Outline the reasons why 
this is being undertaken. In your answer you need to explain the advantages of the C4 strategy. 
(5 marks) 
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END OF EXAMINATION QUESTIONS 


Please remember — This examination paper MUST BE HANDED IN. Failure to do so may result in the 


cancellation of all marks for this examination. 


Writing your name and student number on the front of the examination question paper will help us confirm that 


your paper has been returned. 


